Abstract.For the computing method of conventional spinning force sometimes has a great error by neglecting deposit metal before roller, this essay proposed a spinning force calculation method based on cut and curving force, and it is analyzed an effective and accurate way by testing a set of craft experiments. Then setting up a model on the basis of this method and conducting the stimulation test about shifty force of the projectile two rollers power spinning. The experimental results demonstrate that this experimental method can effectively increase projectile in its diametric dimensional accuracy and decrease its surface roughness on condition.
Introduction
Spinning is a kind of chipless extrusion forming technology. The precision of the spinning products mainly comprises the parameters in two aspects: the precision of diameter of the spinning products and the surface roughness of the spinning products [1] . The precision of the spinning products is mainly affected by the feed rate; under the condition that other process parameters are kept constant, the increase of feed rate of spinning roller will cause rough surfaces of the spinning products. Otherwise, the reduction of the feed rate of spinning roller will not only lower the production rate, but cause the failure of profiling of the spinning products [2] . With a view to ensure the stable feed rate of the spinning roller, it is required to precisely determine the spinning force applied on the spinning roller in the process of spinning. At present, the evaluation of spinning force is conducted under the assumed condition that the metals are flowed axially in a stable and continuous manner; however, during actual spinning, the metal buildup caused due to the unsmooth flowing of metal will change the deformation rate of the spinning products and this is also the primary cause [3] for the errors existed in the values of spinning force obtained respectively by the traditional algorithm and actual technical experiments. Just because of the inaccuracy of the calculated values, the average value of spinning force is mostly applied for the setting of spinning force in the process of spinning; but this will cause the oversized feed amount in the earlier stage of spinning process and the undersized feed amount in the latter stage of the process and meanwhile the molding quality of the spinning products will become unsatisfactory. Although the dimensional accuracy of the spinning products will be improved by applying the traditional algorithm for the setting of spinning force and power spinning of changing spinning force, the relatively larger errors in calculated values will cause the corrugation frequently occurring in the process of spinning and then it will take lots of time to carry out the adjustment of process parameters and relevant experiments of spinning process [4] . This paper has put forward an algorithm which is based on the combined formation of shearing and bending moment to calculate spinning force. The calculation of spinning force of various stages in the process of machining is conducted to analyze the effect of deformation of metal materials on the machining precision. Meanwhile, the Electrometric Method is applied to measure the radial, axial and tangential spinning force exerted on the spinning roller in the power spinning of projectile bodies. The experimental results have proved the accuracy of the algorithm. The experiments on 3 kinds of spinning processes are carried out, including the power spinning by adopting the spinning force of fixed value, the power spinning in which the varied spinning forces by traditional algorithm are applied and the power spinning in which the varied spinning forces by new algorithm are applied. The experimental results show that the dimensional accuracy of projectile body spun by power spinning in which the varied spinning forces are determined by new algorithm is more obviously improved compared with that of the spinning products made by another two spinning 3rd International Conference on Mechatronics and Information Technology (ICMIT 2016) processes. The result of the experiment is identical with that of simulation experiment.
Working Principles of Metal Spinning and Main Factors Affecting the Dimensional Precision of Spinning Products
The spinning machine is mainly comprised of spindle box, spindle, mandrel, main lathe bed, side lathe bed, cross-shaped sliding table, spinning roller, tail jacking device, heating system, cooling system, hydraulic system and electric system. Working principle of metal spinning: mount and clamp the workblank on the mandrel and make it rotate together with the mandrel; meanwhile, the spinning roller is used to rotate around the workblank and relative feed is achieved between the spinning roller and mandrel in order to make the workblank to be pressed and produce continuous local plastic deformation; in this way, the hollow rotational parts can be obtained [5] [6] . Both of the reduction of surface smoothness caused by too much feed amount and failure of profiling of workblank caused by too less feed amount will affect the molding quality of spinning products. And the spinning products are mainly influenced in two aspects: dimensional tolerance of diameter and surface roughness.
To ensure a stable feed rate of spinning roller can effectively improve the shaping quality of spinning products and the prerequisite to achieve this is to accurately determine the spinning force applied on the spinning roller in the process of spinning. At present, the evaluation of spinning force is conducted under the assumed condition that the metals are flowed axially in a stable and continuous manner; and this only applies to the stable power spinning process. As a result, this paper has put forward an algorithm which is based on the combined deformation of shearing and bending moment to calculate the spinning force.
Algorithm of Spinning Force
The following assumptions are required to be made before calculating the spinning forces of cone parts:
1) The workblank meets the required homogeneity and isotropy.
2) No negative volume is produced before and after the deformation of materials.
3) Neglecting the force of friction produced between the spinning roller and workblank. 4) When the workblank under the spinning roller is deformed instantaneously, other parts of the material will not be affected.
5) In the process of deformation, the equipment and tool system are regarded to be purely rigid.
6) The materials within the deformation zone are regarded in a plane deformation state. Fig1 shows the deformation by power spinning; in this method, the assumption is made that during the deformation of cone parts by power spinning, the shear deformation in the direction of spin axis of mandrel shall be taken as the principal one; but meanwhile, the deformation of bending and anti-bending on the plane of RZ and around axial R is still existed. However, each deformation formed when the spinning roller passes through is the combined action of bending on the point P and the anti-bending on the point Q . As a result, the steps required to calculate the stress are as follows: firstly calculate the total actual strain on the points of P and Q ; then calculate the total actual strain for each time when the spinning roller passes through; finally, calculate the total actual strain after the spinning roller passes through for 0 n times. In cylindrical coordinate RR ε ∆ , the strain components of all points are
Here, ∆ represents the differential strain and integral sign each time when the spinning roller passes through the line element. On the point P where the line element starts to be bent:
The two tangential strain components are:
In the equation, Z represents the displacement component of Z axis. It can be considered that the extension strain on the point P is caused by bending. The bending strain α ε ∆ can be approximately calculated by the formula as follows:
In the formula, ρ represents the radius of curvature of arc on the section of PQ ; h represents the distance between the point selected to the neutral layer in the direction of thickness. It can be considered approximately that: α θθ ε ε ∆ ≈ ∆ (7) According to the law of constant volume, the following equation can be obtained:
According to the strain energy theory, in each time when the spinning roller passes through, the total actual strain on the point P , P ε ∆ can be expressed as follows: 
In case that the line element is bent to a reserved direction after reaching the point Q , the extension strain component 
Process Experiment
With a view to verifying the accuracy of the algorithm, this paper utilizes the algorithm to build a model and carry out the simulation experiment of power spinning, in which the varying spinning forces and double spinning rollers are adopted. Then XYQK30-500 numerical control spinning machine from certain a research institution is utilized to conduct the spinning process experiment on the same workpiece; besides, the Electrometric Method is applied to measure the spinning force exerted on the spinning rollers and the experiment parameters involved are shown in Table 1 . 
Conclusion
This paper has put forward an algorithm based on the combined deformation of shearing and bending moment to calculate the power spinning force of cone parts. It is verified by the Electrometric Method that this algorithm is accurate and valid. And this algorithm is based to conduct the process experiment; compared with the traditionally applied algorithm, the dimensional precision of diameter of spinning products calculated by this new algorithm has been improved to some extent.
